ABSTRACT: Growing meat goats of 4 types (Boer and Spanish of both wethers and doelings) were used to evaluate conditions for a method of testing efficacy of electric-fence strand additions to barbed-wire fence used for cattle to also contain goats. Animals were allocated to 8 sets, with each set consisting of 5 groups. There was 1 goat of each of the 4 types in a group. One side of five 2.4-× 3.7-m evaluation pens consisted of barbed-wire strands at 30, 56, 81, 107, and 132 cm from the ground. Evaluation pens were adjacent to a pasture with abundant vegetation. Fence treatments (FT) were electrified strands (6 kV) at 15-and 43-(LowHigh), 15-and 23-(LowMed), 15-(Low), 23-(Med), and 43-cm (High), where Low, Med, and High abbreviations are for low, medium, and high heights from the ground, respectively. For adaptation, there were 4-wk and sequential exposures to evaluation pens: wk 1, no electric strands; wk 2, 1 strand at 0 kV; wk 3, LowHigh; and wk 4, LowHigh. There were 6 periods for measurements, each separated by 1 wk. During the 1-wk intervals on pasture, sets were exposed to 1 interval treatment without and another with 2 electric strands (6 kV) positioned next to supplement troughs, to potentially affect familiarity with electrified strands and influence subsequent behavior. All animal sets were used for measurements in period 1 in a completely randomized design (CRD). Four sets were also used in 4-wk subsequent measurement periods for a 5 × 5 Latin square (LS). All animal sets were exposed to the same FT in period 6 as in period 1. Behavior in evaluation pens was observed for 1 h with a video surveillance system in the 6 periods. There were no effects of gender and few and minor effects of preliminary and interval treatments. The percentage of animals that exited evaluation pens differed (P < 0.05) among FT, with the CRD approach in period 1 (25%, 47%, 38%, 66%, and 84%; SEM = 8.0) and with repeated measures in periods 1 and 6 (6%, 22%, 22%, 63%, and 81% for LowHigh, LowMed, Low, High, and Med, respectively; SEM = 4.9), and between breeds in periods 1 (34% and 70%) and 1 and 6 (28% and 50% for Boer and Spanish, respectively). For the LS approach, FT affected exit (31%, 23%, 16%, 35%, and 30%; SEM = 5.3) and breeds differed (P < 0.05), as well (12% and 43%). Exit decreased as period advanced (60%, 35%, 23%, 10%, and 8%, for 1, 2, 3, 4, and 5, respectively; SEM = 5.3). In conclusion, breed should be considered in the model being developed. A LS approach was not suitable, but a CRD experiment after these adaptation procedures appears promising.
INTRODUCTION
Benefits from cograzing of cattle and goats compared with cattle grazing alone include more efficient use of vegetation and greater total animal production (Walker, 1994) , improved vegetation conditions for cattle, depending on initial plant species present and the stocking rate of goats (Hart, 2001) , and possibly reduced pasture contamination with internal parasites of goats (Sahlu et al., 2009) . But, different management considerations between cattle and goats are major constraints that prevent many cattle producers from grazing goats on the same areas of land. One example is the different types of fence required to contain each species. The most common method of modifying a barbed-wire fence for cattle to also contain goats is to add electric-fence strands, which is considered a relatively low-cost and labor-efficient method. However, there is only anecdotal evidence regarding how this should be done for minimal initial and maintenance costs, and maximum effectiveness. Factors to consider include number of electric-fence and barbed-wire strands, height and horizontal positions of electric-fence strands, electric-fence strand voltage, and animal genotype, age, size, and gender.
The considerations listed above led to interest in developing an accurate and repeatable experimental model that can be used in studies to evaluate various methods of adding electric-fence strands to barbedwire fence for cattle to also contain goats. In 1 previous experiment of Goetsch et al. (2012) , exit was very low for all fence treatments and decreased with advancing period. With changes in several conditions in a subsequent trial, pen exit was unacceptably high, irrespective of fence treatment, and some period effects were noted. Objectives of this experiment were to evaluate different preliminary and interval treatments, experimental designs, breeds, and genders by modifying procedures used previously.
MATERIALS AND METHODS
The protocol for this experiment was approved by the Langston University Animal Care and Use Committee.
Study Area
The study area was located at 1 end of a 0.4-ha pasture with abundant vegetation, including various grasses, forbs, and mimosa (Albizia julibrissin) trees. Six 244-× 366-cm evaluation pens with 3 sides of welded, wire-mesh panels (16.2-× 20.3-cm openings; 4 gauge, 19 mm 2 ) and plywood attached to minimize visual contact of goats between pens were situated adjacent to one another. One short side (244 cm) of the pens had a portion used as a gate. The other short side had 5 strands of barbed-wire [Style No. 33 of Sheffield Wire Products; 12.5-gauge (3 mm 2 ) with 14-gauge (2 mm 2 ), 4-point barbs at a 12.7-cm spacing] strands at 30.5, 55.9, 81.3, 106.7, and 132 .1 cm from the ground. However, points had been ground to be blunt. Strands were attached to steel T-posts at the corners. Vegetation in the pens was removed by clipping before each testing period. Soil Moisture Tester (Model KS-D1, Delmhorst Instrument Co., Towaco, NJ) probes were installed at depths of 5.1, 10.2, and 15.2 cm at 9 locations near the barbedwire fence side and between the pens and grounding site. Before each measurement period, soil moisture level was determined. When the level was very low, water was sprayed on the ground surface, under and near electric-fence strands, and the area between evaluation pens and grounding site to ensure ample grounding on electric-fence strand contact. The average meter reading was 95.9 ± 0.17, 95.5 ± 0.23, 96.5 ± 0.06 at 5.1-, 10.2-, and 15.2-cm depths, respectively, which is equivalent to an average of ~260 resistance ohms. This is considered more than adequate for grounding.
Fence Treatments
Electric-fence strands were situated 12.7 cm from the barbed-wire strands within the evaluation pens by placing insulators on a T-post at each corner of the exposed side of each test pen. There were 5 electrifiedfence strand treatments (FT): 2 electric strands at 15.2 and 43.2 cm (LowHigh); 2 strands at 15.2 and 22.9 cm (LowMed); 1 strand at 15.2 cm (Low); 1 strand at 22.9 cm (Med); and 1 strand at 43 cm (High) from the ground. Low, Med, and High abbreviations are for low, medium, and high heights from the ground, respectively. Fence treatments were randomly assigned to evaluation pens each period, except for the same assignments in periods 1 and 6. Electric-fence strands were 14-gauge (2 mm 2 ) XL aluminum wire of Gallagher USA (North Kansas City, MO). A fence energizer was connected to electric strands and a voltage of 6.0 kV was maintained by varying the degree of contact of a grounding strand. Voltage was checked at the beginning, middle, and end of measurement periods.
Animals
A total of 160 growing meat goats were used, which consisted of 40 Boer wethers (6.1 ± 0.18 mo of age and 24.7 ± 0.96 kg BW initially), 40 Boer doelings (6.6 ± 0.16 mo and 22.6 ± 0.73 kg), 40 Spanish wethers (6.0 ± 0.04 mo and 17.0 ± 0.29 kg), and 40 Spanish doelings (6.0 ± 0.04 mo and 15.6 ± 0.20 kg). During a 4-wk adaptation period, each type of goat, including extras for later selection, resided in 4 separate pastures and were supplemented with a pelleted concentrate. Two strands of electric fence at a voltage of ~6 kV were situated next to supplement troughs at 15.2 and 43.2 cm from the ground to accustom animals to electric-fence strands. Animals were exposed on a sequential weekly basis to evaluation pens with different FT for a short period of time (i.e., 15 min), after overnight fasting. The sequence was: wk 1, barbed-wire strands without electric-fence strands; wk 2, barbed-wire strands plus 1 electric-fence strand at 15.2 cm from the ground at 0 kV; wk 3, barbedwire strands plus 2 electric-fence strands at 6 kV (i.e., LowHigh); and wk 4, barbed-wire strands plus 2 electric strands (i.e., LowHigh). The purpose of exposure in wk 1 and 2 was to provide goats the opportunity to, and to passively encourage, exit from evaluation pens, whereas that of LowHigh in wk 3 and 4 was to accustom the goats to how the presence of electric-fence strands can be a hindrance to exit. The repeat of LowHigh in wk 4 was because of very high and rapid exit from pens in wk 3, despite the presence of electric-fence strands. From wk 1 to 3, most goats quickly exited the pen into the pasture with abundant vegetation. Goats that took a relatively long time to exit were recorded. After the adaptation period, the 160 goats were selected based on BW and behavior in evaluation pens, with removal of goats not exiting or doing so after a relatively long period of time. Goats were assigned to 8 sets of 20 animals, based on BW. Each set had 5 groups and groups consisted of 1 goat of each type. That is, each group had a Boer wether, Boer doeling, Spanish wether, and Spanish doeling.
Preliminary Treatment, Experimental Design, and Interval Treatment
Goat sets, preliminary treatments, experimental designs, and interval treatments are described in Table 1 . The experimental designs and treatments evaluated were based on findings of 2 previous experiments (Goetsch et al., 2012) . There were 2 preliminary treatments (PT) imposed 1 time for 15 min between the adaptation period and the first observation or experimental period. Four sets of animals were exposed to an evaluation pen with LowHigh (PT-Negative or PT-NEG) and the other 4 sets were placed in a pen with barbed-wire strands only (PT-Positive or PT-POS). It was hypothesized that goats subjected to PT-NEG would be more reluctant to interact with electric-fence strands and exit from pens during the subsequent experimental periods and, concomitantly, that PT-POS goats would be more likely to do so.
Two interval treatments (IT) were tested. During the 1 wk before measurements in period 1 and the 1-wk intervals between the subsequent measurements, 4 sets of goats resided in "home" pastures that included 2 electric-fence strands at 6 kV (IT-6) situated next to troughs for supplemental pelleted concentrate, as was previously conducted for all goats during the adaptation period. The other 4 sets were in pastures without electricfence strands (IT-0). It was theorized that maintaining familiarity with electrified-fence strands would promote inspection of FT when goats were placed in the evaluation pens, as opposed to rapidly exiting when placed in the pens, regardless of the particular FT.
After the adaptation period and 1 wk for PT exposure, there were 6 experimental periods with weekly measures. Period 1 was a completely randomized design (CRD) experiment, which included all 8 sets. Four of the animal sets, 2 subjected to IT-6 and 2 to IT-0, were also used for weekly measures in periods 2 to 5. Results of these sets in periods 1 to 5 were used as a 5 × 5 Latin square (LS) experiment, with the groups of the 4 sets exposed to different FT each period. Then, all 8 sets were used in period 6 by being exposed to the same FT as in period 1. Thus, these data of periods 1 and 6 were also considered CRD for sets previously only used for measurements in period 1 and those used for measurements in periods 1 to 5.
Measures
The goat sets were transported from home pastures to pens in a confinement facility at ~1600 h the day before measurement began. Water but no feed was available in the confinement facility until measurements started at ~0800 h the next day. The purpose of fasting was to provide motivation for the goats to exit the evaluation pens into the area with abundant vegetation. After fasting and transportation to the study area, each group of 4 goats was placed in an evaluation pen and continuously observed by 3 individuals for 1 h. In addition, color closed-circuit television cameras (WV-CP504, Panasonic System Networks Co., Ltd., Secaucus, NJ) were used to record activity to improve the accuracy of visual observation. The Observer XT Version 10.5 of Noldus Information Technology (Wageningen, The Netherlands) was used to code Mpeg recordings, with re-analysis to ensure data integrity. Variables assessed based on previous experiments (Goetsch et al., 2012) included exit from the pen with and without electric shock by touching electric strands and shock but not exit from the pen, all expressed as a percentage of the total number of animals. Also, the number of unsuccessful exit attempts and time taken to exit were recorded. An unsuccessful exit attempt was defined as when the head or a leg was beyond fence strands and exit did not occur. A shock was recorded when there was a discernible reaction on contact with an electric-fence strand. 
Statistical Analysis
There were no effects of gender for any variable (P > 0.05); therefore, breed data were pooled within group. Data were analyzed in 4 ways. The first was for CRD using all data from period 1 as a nested classification by the GLM procedure (SAS Inst. Inc., Cary, NC; Littell et al., 1991) . The model consisted of FT, breed, PT, IT, and their interactions, including nested effects of set. The F-values of PT, IT, and their interaction were determined by the TEST statement (test of hypotheses) in PROC GLM, with the error term of set nested in PT and IT. Similarly, F values of FT, PT × FT, IT × FT, and PT × IT × FT were obtained using the TEST statement with the error term of set nested in PT, IT, and FT. For analysis of exit time, the 3-way interaction was excluded because of a limited number of averaged observations (n = 51).
In the second analysis, data of periods 1 and 6 for 4 goat sets (1, 2, 5, and 6), excluding sets used in LS, were analyzed as CRD with 2 periods (CRD 1 vs. 6). The GLM procedure was used because goats were subjected to the same treatment, although results were very similar with a MIXED model. Model components were FT, breed, PT, IT, period, and their interactions. The F values of PT, IT, and PT × IT were determined by the TEST statement with an error term of PT × IT × FT; those of FT, PT × FT, IT × FT, and PT × IT × FT were estimated using the error term of PT × IT × FT × breed. Interactions including FT were removed from the analysis and a F-value of FT was obtained by the TEST statement with the error term of PT × IT for exit time due to a limited number of observations.
The third model was for LS with data of 4 goat sets (3, 4, 7, and 8) used in periods 1 through 5; the analysis was with the MIXED model procedures (Littell et al., 1996) . This model included group, FT, breed, PT, IT, period, and interactions among FT, breed, PT, and IT. Group within PT and IT was the random variable to test effects of FT and period, and group within FT, PT, and IT was used to test the effect of breed. Period was a repeated measure and breed within group was the subject. For analysis of exit time, the 3-way interaction was again excluded because of a low number of observations. Breed within group was the random variable to test the effect of breed and period was a repeated measure with a subject of breed within group.
The final analysis was a comparison of data from periods 1 and 6 of goats used in LS (LS 1 vs. 6). The GLM procedure was used with inclusion of FT, breed, PT, IT, period, and their interactions in the model. The TEST statement was used to estimate F values of PT, IT, and PT × IT, with an error term of FT × PT × IT; similarly, F values of FT, PT × FT, IT × FT, and PT × IT × FT were determined using an error term of PT × IT × FT × breed. The 3-way interaction and interactions including period, except for PT × period, were removed for analysis of exit time due to a low number of observations. Least square means were estimated and means were separated by LSD when overall effects were significant (i.e., protected F-test; P < 0.05). Main effect means for FT and breed are shown in tables when interactions were nonsignificant (P > 0.05); main effect means for period are given when significant; and 2-way interaction means are presented when the interaction was significant. Means for a small number of significant 3-way interactions are not presented in tables because of the low number of goats per mean.
RESULTS

Overall
Of the 640 total individual goat observations, there were 172 exits. Among the exits, 69 were with shock and 103 without shock. Exits occurred between 0.05 min (i.e., 3 s) and 51.5 min (average 4.6 ± 0.76 min), and 69% were within 1 min after entering the evaluation pens. Exit attempts were observed from 0 to 5 (average 0.35 ± 0.026) times per goat within the 1-h observation period. Most exits (77%) occurred by movement under the lowest barbed-wire strand at 30 cm from the ground. In no instance did a goat exit over the fourth barbed-wire strand from the ground and the number of goats exiting over the third strand was very low as well.
Completely Randomized Design
The percentage of goats exiting evaluation pens was lower for LowHigh and Low than for High and Med, greater for Med than for LowMed, and twice as high for Spanish than for Boer (P < 0.001; Table 2 ). The number of exit attempts and percentage of goats receiving a shock were similar among FT and between breeds (P > 0.05). Shock without exit was similar among FT (P > 0.05), although there was a PT × FT interaction (P = 0.045) and was much greater for Boer vs. Spanish (P < 0.001). Exit with shock was least among FT for High (P = 0.042) and similar between breeds (P > 0.05). Exit without shock was greater for High and Med vs. LowHigh, LowMed, and Low (P < 0.001), and greater for Spanish than for Boer (P = 0.002). There was an interaction between breed and FT in exit time (P = 0.029), with a longer time for Boer than for Spanish with LowHigh and similar values between breeds with other FT.
Completely Randomized Design 1 vs. 6
Exit was fairly similar to that with CRD analysis, ranking (P = 0.004) Med > High > LowMed and Low > LowHigh (Table 3) . However, exit was 10% units fewer in period 6 vs. 1 (P = 0.028). There was an interaction between IT and breed in exit (P = 0.028), with a decreased value for Spanish and IT-6 than for IT-0 (P = 0.003), similar values for Boer between IT (P > 0.05), and decreased values for Boer vs. Spanish for both IT (P < 0.05). Main effect exit means were 27.5% and 50.0% for Boer and Spanish, respectively (SEM = 3.07). There was an interaction (P = 0.026) between PT and IT in exit, with values of 57.5%, 17.5%, 30.0%, and 50.0% for PT-NEG with IT-0 and IT-6, and PT-POS with IT-0 and IT-6, respectively; SEM = 4.34. A similar interaction (P = 0.017) occurred in exit attempts (0.65, 0.28, 0.45, and 0.55 times for PT-NEG with IT-0 and IT-6, and PT-POS with IT-0 and IT-6, respectively; SEM = 0.105).
The number of exit attempts was greatest among FT for High and Med (P < 0.05), and greater for Low than for LowHigh (P = 0.046). The percentage of goats receiving a shock was similar among treatments and between breeds (P > 0.05). Shock without exit was similar among FT (P > 0.05) and greater for Boer in period 1 than for Spanish in period 1, and both breeds in period 6 (P < 0.001). Exit with shock was similar among FT and between breeds (P > 0.05), and greater for IT-0 in period 1 than for IT-6 in period 1 and both IT in period 6 (P < 0.05). There was an interaction between breed and FT (P = 0.024) in exit without shock; values ranked (P < 0.05) Spanish with High and Med > Boer with High and Med > Boer and Spanish with LowHigh, LowMed, and L. There were interactions in exit without shock between IT and breed (P = 0.020), as well as period (P = 0.020). For the former interaction, the value was greater for IT-0 vs. IT-6 with Spanish (P = 0.019) but not different between IT for Boer (P > 0.05), and for the latter interaction the value for IT-0 was greater than for IT-6 in period 6 (P = 0.019) but not in period 1. Exit time was similar among FT and between breeds (P > 0.05), but greater (P = 0.034) for IT-6 vs. IT-0 (15.6 vs. 6.0 min; SEM = 3.62).
Latin Square
Exit from evaluation pens was less for Low than for other FT (P = 0.038), except for LowMed, greatest among periods in period 1, greater for period 2 vs. 4 and 5, and greater in period 3 than in period 5 (P < 0.001; Table 4 ). There were interactions in exit between breed and PT (P = 0.010), as well as IT (P = 0.021), although values were greater (P < 0.05) for Spanish than for Boer with each PT and IT. Main effect breed means were 11.5% and 42.5% for Boer and Spanish, respectively (SEM = 3.82). The number of exit attempts decreased (P < 0.001) or tended to decline as period advanced and ranked (P < 0.05) Spanish with PT-NEG and PT-POS > Boer with PT-POS > Boer with PT-NEG. There was a breed × FT interaction (P = 0.020) in the percentage of goats receiving a shock, with the greatest value for Spanish with LowHigh (P < 0.001). Shock without exit was greater for Boer vs. Spanish (P = 0.015). Exit with shock was greatest among periods (P < 0.001) in period 1 and greater in period 3 vs. 4 and 5 (P < 0.05). There was an interaction between breed and FT in exit with shock (P = 0.008); the value for Spanish on LowHigh was greater than for Boer and values for the other FT were similar between breeds (P > 0.05). Exit without shock ranked (P < 0.05) High > Med > LowHigh, LowMed, and Low, and was greater in periods 1 and 2 than in periods 3, 4, and 5 (P < 0.001). There was also a PT × breed interaction (P = 0.043), with values greater for Spanish vs. Boer (P < 0.05) and a numerically greater magnitude of difference with PT-NEG vs. PT-POS. There was an interaction between breed and FT in exit time (P = 0.018), with values similar between breeds with LowHigh and LowMed, a greater value for Boer vs. Spanish with Low, and lower values for Boer than for Spanish with High and Med (P < 0.05). In addition, there was an IT × FT interaction (P = 0.002), .3 c a-c Means with fence treatment, breed, or fence treatment × breed grouping without a common superscript letter differ (P < 0.05). 1 Eight sets each with 20 goats for a total of 160 observations, except for exit time (n = 83).
primarily due to opposite differences (P < 0.05) between IT with LowHigh and LowMed.
Latin Square 1 vs. 6
Exit was similar among FT (P > 0.05) and ranked (P < 0.001), from greatest to least, Spanish in period 1, Boer in period 1, and Boer and Spanish in period 6 (Table 5) . There was also an interaction (P = 0.021) between PT and period in exit, with a ranking (P < 0.05), from greatest to least, of PT-POS in period 1, PT-NEG in period 1, and PT-NEG and PT-POS in period 6. A similar ranking occurred for a PT × period interaction (P = 0.044) in exit attempts. There was a period × FT interaction (P = 0.043) in the percentage of goats receiving a shock; values were greater in period 1 vs. 6, with LowHigh, LowMed, and Med, with a greater magnitude of difference for LowHigh and LowMed than for Med (P < 0.05). Percentages of goats incurring shock without and with exit were similar among FT and between breeds (P > 0.05), and exit with shock was greater (P < 0.001) in period 1 than 6. There was an interaction between FT and period in exit without shock (P < 0.001), with a level of 0 for all FT in period 6 and greatest values among fence treatments in period 1 for High and Med (P < 0.004). There was also an interaction in exit without shock between breed and period (P < 0.001), with values of 0 for both breeds in period 6 and a greater value for Spanish vs. Boer in period 1 (P < 0.001). Exit time was similar among FT and between breeds (P > 0.05).
DISCUSSION
Study Need and Treatments Selected
The usefulness of goats for vegetation management is well recognized (Fay et al., 1989; Hart, 2001) . Additionally, integrated tree crop-ruminant production systems, inclusive of cograzing by cattle and goats, are of global interest (Sharma et al., 1998; Guevara et al., 1999; Stroosnijder et al., 2008; Devendra, 2011) . Guevara et al. (1999) analyzed various goat production scenarios and reported that fence installation was the main establishment cost. Effectiveness of fencing is a critical issue in grazing livestock production systems (Miller, 2000) . A barbed-wire fence, such as commonly used for cattle, is relatively inexpensive compared with mesh/net wire fence, but it is not effective for containing goats unless there are at least 9 strands.
Fence treatments were selected so that there would be large differences in behavior of goats, such as very low, moderate, and very high levels of exit from evaluation pens, if the experimental conditions selected, such as those before the experiment and between times of measurement, were most appropriate. The first experiment of Goetsch et al. (2012) was a LS with 5 periods and the second included a comparison of LS with a CRD approach, with measures in 1 or also a repeated second period. Exit was very infrequent in the first experiment, regardless of FT and decreased with advancing period. This led to changes in several conditions for the second experiment. However, apparently these changes resulted in unexpectedly greater exit from evaluation pens for all FT. Hence, the overall objective of the present experiment was to study the conditions necessary to achieve behavior appropriate for testing of the different FT used. The conditions addressed were different PT after an adaptation period, IT between measurement periods, experimental design (i.e., CRD with 1 or 2 periods and LS), and meat goat breed and gender.
Adaptation, Preliminary Treatments, and Interval Treatments
Exit by Boer and Spanish goats was much less than in Exp. 2 of Goetsch et al. (2012) with analysis as a CRD. This suggests that the adaptation period of the present experiment was effective in training for the exit-deterring effects of electric-fence strands. The adaptation period of the previous experiment did not include 2 wk of exposure to LowHigh. In accordance, in that study with CRD 1 vs. 6 and LS 1 vs. 6 analyses, exit was 20% and 30% units less in period 6 than in period 1, respectively. This indicates that learning about the hindrance of exit by electricfence strands occurred in period 1 for CRD goats, as well as during periods 1 to 5 for those used in LS.
No effects of PT and involvement in only 1 interaction with CRD analysis suggest that the additional week of exposure to 2 electrified-fence strands in evaluation pens had little or no effect on the risk of exit, perhaps because of similar exposure in the preceding 2 Table 4 Means with fence treatment, breed, or interaction grouping without a common superscript letter differ (P < 0.05).
1 Four sets each with 20 goats for a total of 80; 400 individual observations, except for exit time (n = 107).
2 LowHigh = 2 strands at 15.2 and 43.2 cm from the ground; LowMed = 2 strands at 15.2 and 22.9 cm; Low = 1 strand at 15.2 cm; High = 1 strand at 43 cm; Med = 1 strand at 22.9 cm.
3 PT = preliminary treatment; NEG = barbed-wire strands and 2 electric-fence strands at 6 kV; POS = barbed-wire strands only; week preceding period 1.
4 IT = interval treatment; 0 = "home" pasture without electric-fence strands; 6 = "home" pasture with 2 electric-fence strands at 6 kV situated next to troughs for supplemental concentrate; week between measurement periods.
wk of the adaptation period. But, this is not in accordance with effects of period in CRD 1 vs. 6 analysis, such as a 10% unit difference in level of exit between periods 1 and 6. There appears to be a threshold in exposure to electricfence strands. A certain level of exposure is necessary so that exit is not exceedingly great, regardless of FT, as occurred in Exp. 2 of Goetsch et al. (2012) . But, excessive exposure can cause some animals to become unwilling to attempt exit with any FT, which obviously would not allow for meaningful evaluation of different FT. The absence of interaction between FT and period in CRD 1 vs. 6 analysis implies considerable variability among animals in this aspect. That is, previous exposure of some animals to electric-fence strands resulted in no subsequent attempts to exit, regardless of FT. This was true even for High, which was very conducive to easy exit. Likewise, although not described earlier, 2 wk after period 6, all animals were brought back to the evaluation pens without electric-fence strands and were allowed to remain for ~15 min. Only 27 of the 160 goats exited, of which 26 were from CRD sets.
Interval treatment was involved in several interactions with CRD 1 vs. 6 analysis. Reduced exit for IT-6 vs. IT-0 for PT-NEG could relate to familiarity with effects of electric-fence strands being maintained by IT-6. Similarly, exit time was greater for IT-6 vs. IT-0. Reasons for opposite differences with PT-POS are not readily apparent. Interactions between IT and period in exit, with and without shock, are also difficult to explain. That is, exit with shock was greater for IT-0 vs. IT-6 in period 1 but not in period 6; exit without shock was also greater for IT-0 than for IT-6, although the difference occurred in period 6 and not 1. Conversely, there is a possible explanation for the interaction between IT and breed. Greater exit by Spanish vs. Boer goats may have resulted in more potential for a decrease due to .
The PT and IT tested did not yield clear or consistent desirable effects with the LS analysis in regard to the experimental model being developed. This is also true for CRD 1 vs. 6 analysis. The PT and IT were involved in some interactions, but responsible factors are unclear. Interactions between breed and PT and IT in the percentage of animals exiting were due to magnitudes of difference, with similar values between PT and IT within breed. Conversely, PT-POS resulted in a greater number of exit attempts by Boer but not Spanish goats.
Experimental Design
As noted by Goetsch et al. (2012) , the primary reason for interest in use of a LS approach, rather than CRD, is the smaller number of animals required with LS. The CRD 1 vs. 6 analysis was conducted to ascertain if a period effect would occur with a long interval between measurements and existence of any period interactions. With no period interactions and no or minimal effects of period, then period values could be averaged for decreased variability or use of a smaller number of goats. The LS 1 vs. 6 analysis was performed simply to gain additional information about effects of LS periods on subsequent behavior.
The percentage of animals exiting with the LS experimental design was considerably different from that with CRD, and the only difference among FT for LS was a reduced value for Low vs. LowHigh, High, and Med. Except for LowHigh, values were less than for CRD analysis. This was related to marked decreases in exit as period advanced. The period effect was somewhat similar to that noted in Exp. 1 of Goetsch et al. (2012) , although in that study, greatest exit in period 1 was only 22%. In the LS analysis of Exp. 2 of Goetsch et al. (2012) , a period effect in exit did not occur, but percentages of exit were greater relative to results reported here. However, for CRD 1 vs. 6 and LS 1 vs. 6 analyses of Goetsch et al. (2012) , exit was also less in period 6 vs. 1. Neither IT in the present experiment was appropriate to maintain steady behavior of goats suitable to evaluate FT differing in degree of hindrance to exit in sequential periods of LS. These results and those of Goetsch et al. (2012) indicate that a LS approach is not acceptable for the experimental model being developed unless an appropriate IT is identified. One possibility to consider is placing animals in an evaluation pen with barbed wire only between measurement periods, which could refresh memory concerning potential pen exit and that all FT with electric-fence stands are not necessarily highly prohibitive to exit.
The percentage of animals exiting with shock markedly decreased after period 1 of LS, but the largest change in exit without shock was after period 2. It is apparent that after period 2, most animals had little interest in interacting with the barbed-wire and electricfence strands irrespective of FT. This is also supported by the interaction between FT and period in exit without shock, with no exits in period 6 for any FT in LS 1 vs. 6 analysis. Conversely, for CRD 1 vs. 6 analysis, means of exit without shock were 32.5% and 20.0% in period 6 for IT-0 and IT-6, respectively. Furthermore, with the LS 1 vs. 6 analysis, exit with shock was only 2.5% in period 6 compared with means of 5.0% and 10.0% for IT-0 and IT-6, respectively, with CRD 1 vs. 6 analysis.
There were several differences between CRD 1 vs. 6 and LS 1 vs. 6 analyses. One difference was the interaction between PT and period with LS 1 vs. 6 but not CRD 1 vs. 6. For LS 1 vs. 6 analysis, PT-POS resulted in a much greater pen exit rate in period 1 (i.e., 25% units) than did PT-NEG. The mean for PT-NEG was similar to that with CRD 1 vs. 6 analysis, but the mean for PT-POS was much greater. Results for exit attempts were similar. Because all sets had been treated similarly before period 1, other than PT and IT treatments, these differences were not expected. This suggests a need for future experiments to address the number of observations and goat sets required for the experimental model being developed.
Gender and Breed
The lack of effects and interactions involving gender indicate that results with wethers can be applied to doelings and vice versa. Previous research of Goetsch et al. (2012) involved only yearling Boer doelings in 1 study and growing animals in another. Future research should address mature animals.
The numerous and marked breed differences noted contrast findings in Exp. 2 of Goetsch et al. (2012) with a CRD analysis. However, for CRD 1 vs. 6 analysis, exit was 30% units greater for Spanish vs. Boer goats, which is similar to magnitudes of difference with CRD and CRD 1 vs. 6 analyses of the present experiment. Therefore, exposure of goats to FT in period 1 of Exp. 2 of Goetsch et al. (2012) may have had an effect similar to use of LowHigh in the last 2 wk of the adaptation period of the present experiment.
Greater exit with shock for Med vs. High in CRD analysis was because of more difficult exit under Med due to its lower position. Greater shock without exit for Boer vs. Spanish for CRD analysis probably relates to differences in BW and size. Also, based on visual observation, Spanish goats were more agile than Boer goats. The interaction between breed and period in exit without shock with LS 1 vs. 6 analysis generally agrees with findings from other analyses, in that greater exit by Spanish goats was due relatively more to exit without than with shock. However, demonstration of the greater ability of Spanish goats to exit was also diminished in period 6 because of prior FT exposure.
A consideration in experiment design was to have each of the 4 animal types in the same group vs. groups consisting of only 1 type, as was also the case for having groups of 1 breed or gender. However, this was not possible, given the PT and IT evaluated. It is possible that behavior of 1 or more of the animal types could have influenced behavior of others, which may have contributed to the absence of gender effects. But, the numerous and substantial differences between breeds does not imply that behavior of 1 breed affected that of the other breed.
Fencing Treatment
The percentage of animals exiting evaluation pens and number of exit attempts for LowHigh, LowMed, and Low were considerably less with CRD 1 vs. 6 compared with CRD analysis, whereas values were similar for High and Med. However, there was not an interaction between FT and period with CRD 1 vs. 6 analysis. This suggests that there were differences in exit during period 1 between sets used only in periods 1 and 6, compared with LS sets. Reasons for this are unclear, as sets were treated the same before period 1, other than PT and IT. Nonetheless, levels of exit for both CRD and CRD 1 vs. 6 analyses were fairly close to expectations, with greater exit anticipated for High and low exit for LowHigh. Intermediate exit was postulated for LowMed, Low, and Med, although this did not occur for Med. With CRD analysis, the tendency of goats to go under the lowest strand for exit, rather than above where contact with 1 or 2 barbed-wire fence strands would be more likely, is indicated by reduced exit without shock for LowHigh, LowMed, and Low, than for High and Med; least exit with shock among FT for High; and greater exit with than without shock for LowHigh, LowMed, and Low.
The trend for greater exit for Med than for High with CRD analysis was somewhat unexpected. Perhaps, the High strand was more easily, readily, or quickly recognized than the lower Med strand, which was closer to the lowest strand of barbed wire, rather than midway between the lowest strands. This also could be involved in the difference in exit between LowHigh and LowMed.
Except for High, the percentage of animals receiving a shock during exit with CRD analysis was considerably greater than the percentage of shock without exit. This suggests that prior exposure to electric-fence strands in home pastures during the adaptation period provided training or conditioning about potential shock and minimized contact with strands due to curiosity. In other words, most shocks occurred as a result of the desire and attempt to exit. The IT-0 animals that were in a pasture without electric-fence strands for 1 wk did not lose familiarity with electric strands.
Other than for High, the percentage of animals receiving a shock was greater for CRD than for CRD 1 vs. 6 analysis, with greater differences for LowHigh and LowMed vs. Low and Med. Thus, it seems that prior exposure in period 1 to a FT with 2 electric-fence strands had greater impact on propensity to interact with electric-fence strands in period 6 than exposure to a FT with 1 strand. This was primarily due to less shock during exit, rather than a difference in shock without exit.
Conclusions
With the goal of developing an accurate and repeatable experimental model for evaluating different methods of modifying barbed-wire fence to contain goats by addition of 1 or more strands of electric fence, effects of different conditions on behavior by goats were determined. Specifically, different treatments in the week before the first measurement period and between repeated measurement periods, experimental design, and goat breed and gender were evaluated. There were no effects or interactions involving gender. It was hypothesized that goats exposed to evaluation pens with electric-fence strands in the week before the first measurement would be more reluctant to interact with electric-fence strands and exit from pens, and, concomitantly, that goats subjected to evaluation pens without electric strands would be more likely to do so. It was thought that maintaining familiarity with electrified-fence strands in pastures where goats resided when not in evaluation pens would promote inspection of fence treatments when goats were placed in the evaluation pens compared with animals in pastures without electric strands. However, there were few and minor effects and interactions of preliminary and interval treatments. Findings of this study on experimental design are similar to those of previous research in suggesting that a LS approach, with the specific procedures tested thus far, is not suitable for use in the experimental model. A CRD after the adaptation procedures used appeared promising, based on levels of exit from pens that were fairly similar to expectations for these FT. Future research should address number of individual goat and group observations, as well as influences of animal physiological conditions. The experimental model being developed should also consider breed, as behavior of Boer and Spanish goats was considerably different.
